Genome sequencing has been rapidly integrated into clinical research and is currently marketed to health-care practitioners and consumers alike. The volume of sequencing data generated for a single individual and the wide range of findings from wholegenome sequencing raise critical questions about the return of results and their potential value for end-users. We conducted a mixed-methods study of 311 sequential participants in the NIH ClinSeq study to assess general preferences and specific attitudes toward learning results. We tested how these variables predicted intentions to receive results within four categories of findings ranging from medically actionable to variants of unknown significance. Two hundred and ninety-four participants indicated a preference to learn their genome sequencing results. Most often, participants cited disease prevention as their reason, including intention to change their lifestyle behaviors. Participants held positive attitudes, strongly perceived social norms and strong intentions to learn results, although there were significant mean differences among four categories of findings (Po0.01). Attitudes and social norms for medically actionable and carrier results were most similar and rated the highest. Participants distinguished among the types and quality of information they may receive, despite strong intentions to learn all results presented. These intentions were motivated by confidence in their ability to use the information to prevent future disease and a belief in the value of even uninterpretable information. It behooves investigators to facilitate participants' desire to learn a range of information from genomic sequencing while promoting realistic expectations for its clinical and personal utility.
INTRODUCTION
Genome sequencing is increasingly being used in clinical research, primarily as an extension of ongoing efforts to identify the etiology of rare diseases. 1, 2 The availability of the technology has stimulated widespread efforts to explore the clinical utility of whole-genome sequencing (WGS). Yet, the breadth of genomic interrogation has led to debate regarding which, if any, of the results should be returned to research participants. [3] [4] [5] There is little controversy about the return of aggregate results. It is highly desirable and a social good to inform participants about the scientific discoveries that emanate from the use of their samples/data. Their engagement strengthens the social contract between researchers and participants. In contrast, the return of individual results from research studies has provoked much debate. Receipt of individual results from WGS, to date, has been reported primarily using case examples of scientists who have chosen to learn their own sequence. [6] [7] [8] At the National Institutes of Health, ClinSeq is a clinical study that aims to enroll a cohort of 41000 participants who consent to WGS and have a choice about what types of information they want returned to them. 9 This longitudinal study provides a novel opportunity for baseline assessment of preferences to learn personal health-related information from WGS.
The volume of sequencing data generated for a single individual and the wide range of possible findings raise critical questions about the return of results and what types of findings end-users will value. Controversy exists about the extent of individual results that should be returned to research participants. Guidelines suggest that at a minimum, investigators have an obligation to return medically actionable research findings. 10, 11 Some consensus is emerging on an obligation of investigators, both moral and legal, to return certain 'incidental findings' , those that may not relate to the primary research pursuit. 12 Increasingly, the academic debate about these findings acknowledges that WGS blurs the distinction between primary and secondary variants, as all genomes harbor unknown or unexpected findings, challenging the notion of 'incidental' . 13 Recommendations for return of individual WGS results have generally focused on the clinical utility of the results. 11, 14, 15 Kohane and Taylor 13 call for a new paradigm for return of findings from genome sequencing, which considers preferences of research participants who may be seeking to learn 'personal' information. By this, they mean health information that are valued, even when it may not be actionable or meet standards for clinical utility. They argue for improvement in our understanding of participants' perceptions of the value of 'personal' sequence information, aware that their views may differ from that of researchers. One source of support for their argument is the data reported by Kaufman et al, 16 which described the public's views of participating in bio-banks, including a majority who would desire to learn findings 'even if there is nothing they could do about them' . Bollinger et al 17 found similar results. Kohane and Taylor 13 emphasize the need for continued research to identify participant preferences to receive results. Findings from a sample of ClinSeq participants can inform the discussion about the role of clinical and personal utility in the return of results from genome sequencing.
Our prior study on the motivations of 320 distinct subjects to participate in ClinSeq resulted in two non-overlapping majority responses to an open-ended question: a desire to further research (altruism) and another to learn about one's health (personal gain). 18 These results suggested that among the ultimate cohort of 41000 participants, about half will choose to learn findings relevant to their own health. This expressed interest raised questions for us about the value of various categories of findings in shaping intentions to receive results. As such, we designed a study of a new sample of the ClinSeq cohort to capture preferences to receive results and attitudes toward learning individual results, perceptions of the views of valued others (called social norms) and their correlation with intentions to receive results within four distinct categories of findings. 19, 20 See Table 1 for the descriptions of each category.
The aim was to learn the relative perceived value of the different types of findings among the ClinSeq participants. Our hypothesis was that there would be significantly more positive attitudes, higher perceived social norms and thus intentions to receive individual results associated with treatable or preventable conditions than results in the other three categories. We further hypothesized that there would be less positive attitudes, lower social norms and fewer intentions to learn uninterpretable results than results in the other three categories. Our study offers insight into the value that end-users place on the diverse findings from WGS.
METHODS
Three hundred and eleven consecutive individuals enrolled in the ClinSeq pilot-study-completed surveys between January 2009 and May 2011. The goal of ClinSeq has been to sequence most or all regions of 1000 human genomes. The initial focus of the study was on atherosclerotic heart disease but a majority are healthy volunteers. All participants were consented for interrogation of all genes and phenotypes. A description of the original ClinSeq cohort and study design is published. 9 Since that publication, the study has generated exome sequence data for most participants. 21 The National Human Genome Research Institute's Institutional Review Board approved this study.
During the ClinSeq enrollment visit participants completed a baseline survey about their intentions to receive genotype results from WGS followed by an informed consent discussion with a genetic counselor. It entailed WES/WGS description, type of results that can be generated, choice to receive individual results over time, limitations in interpreting data, lack of reporting of uninterpretable information and absent pathogenic variants, and the length of time before receiving results. Emphasis was placed on the significant limitations of our ability to interpret data from WES/WGS and the degree and scope of uncertainty. Following the session, participants completed a second survey of the same key variables.
The surveys included use of open-ended questions and validated scales that were chosen based on the health-related theory of planned behavior. 22 Participants were asked their general preferences and reasons for receiving results. Participant attitudes, subjective norms and intentions to receive sequence results were assessed following description of four distinct categories of findings. The four categories included variants that could predispose to preventable or treatable conditions (category A); variants that could predispose to conditions that are not amenable to prevention or treatment (category B); variants that establish carrier status (category C); and variants of uncertain clinical significance (category D).
Open-ended questions
In the pre-consent survey, participants were asked: 'Do you want to learn about your results from genome sequencing? (Yes, No, Uncertain). What are your reasons for wanting, not wanting, or being uncertain about learning your results from genome sequencing?' These questions were followed by two additional questions, which probed about personal and family history of disease: 'Is there anything about your health history or the health history of your Responses to the open-ended questions were read for content and an initial codebook was developed. The codebook was revised for content validity through an iterative process involving discussions amongst the research team until the coding scheme was determined to be concise and robust. Using NVIVO 8 QSR (http://www. qsrinternational.com/default.aspx), a qualitative analysis software package, the responses were analyzed by two independent coders to ensure coding consistency. Inter-coder reliability was determined to be 99% for the question regarding their reasons to learn results, and 99% for the question regarding their personal and family health history. Discrepancies in the coding were discussed and reconciliation was achieved. Analysis was based upon consensus codes. Data saturation was facilitated by the large sample size.
Measures
Attitudes toward learning findings from sequencing were measured using a six-item scale modeled on previously published scales. [23] [24] [25] [26] Participants were asked to rate their response to: 'for me, learning such a result would be' by rating 1-7 on six items anchored by 'a bad thing-not a bad thing' , 'not beneficial-beneficial' , 'harmful-not harmful' , 'not a good thing-a good thing' , 'not worthwhileworthwhile' , 'unimportant-important' . Ratings were averaged and Cronbach alpha scores ranged from 0.88 to 0.96 for the four result categories.
Perceived social norms assessed the perceptions of the views of valued others. A scale that has been used in many other studies asked participants to rate from 1 'definitely no' to 5 'definitely yes' the statements 'The following people think that I should learn about such a result: my partner, my doctor, my closest friends, my siblings, my children' . 23 Ratings were averaged and Cronbach alpha scores ranged from 0.82 to 0.93 across result categories.
Intentions to learn results from WGS were measured by the sum of two questions: 'I intend to learn about such a result': definitely yes, probably yes, not sure, probably not, definitely not, and 'How likely is it that you will choose to learn about such a result?': extremely unlikely to extremely likely. The range of responses is 0-12. Cronbach alpha scores ranged from 0.58 to 0.90.
Statistical analyses were done using SPSS 19.0. ANOVAs were used to test for differences among the means in the key variables. Spearman correlations were used to determine relationships among key variables.
RESULTS

Sample characteristics
This study population was collected after that of a prior assessment. 18 It was consecutive with a 100% response rate given that it was presented as part of the study protocol. The characteristics of the 311 ClinSeq participants who completed the intention surveys did not differ significantly from those in the larger cohort (see Table 2 ). The population is primarily white, well educated and earning a high income. Participants share characteristics with early adopters to other new technologies as discussed in a prior publication. 18 Only baseline (pre-consent) data is presented; there were no significant differences between variables pre-to post-consent. The baseline survey contained the open-ended questions. By using the baseline quantitative data, we report an analysis of a data set collected at the same time point.
Open-ended responses
When asked whether participants wished to learn results, 294 responded that they did and 6 were uncertain. Remarkably, none of the participants ticked no. When asked why, a majority of 249 respondents expressed a general interest in prevention, stating that by receiving results they may be better equipped to prevent the onset of a disease that they are at a greater risk of developing. As ClinSeq recruited participants both affected by and at risk for coronary artery disease, it is not surprising that a majority identified heart disease as one of the conditions in their family. Many participants also noted cancer as a concern in their family. A smaller group of participants (N ¼ 47) noted a specific disease or health condition that affects them, most often heart disease.
Attitudes, social norms and intentions
Mean attitude scores among the four result categories ranged from 5.98 to 6.81 on a scale from 1 to 7. Social norms scores ranged from 4.02 to 4.50 on a scale from 1 to 5 (see Table 3 ). Intentions were similarly high, ranging from 11.02 to 11.84 on a scale from 0 to 12. Differences among the means were statistically significant with responses to categories A (treatable or preventable health information) and C (carrier information) being highest and most similar and statistically distinct from categories B (untreatable or preventable health information) and D (uninterpretable information). Contrary to our hypothesis, attitudes toward receiving results for a condition that may be treated or prevented were most similar for results that identify carrier status. As hypothesized, there was significantly less interest in variants of unknown significance, but not to the degree anticipated. Attitudes and social norms were significantly correlated in all four categories of results and each was independently correlated with intentions to receive results (see Table 4 ).
Regression models for intentions were built using attitudes and social norms and any sociodemographic factors that were correlated in the bivariate analyses (see Table 5 ). Attitudes and social norms together accounted for 4-16% of the variation across the four categories. Sociodemogaphic factors fell out of the models for all four categories of results.
DISCUSSION
Our findings elucidated the preferences of a representative sub-sample of the ClinSeq cohort with respect to the receipt of sequencing results, and show that they broadly value the anticipated information. There were no statistically significant differences in the means between T1 and T2 for all three key variables. This finding suggests that participants enrolled with enthusiasm for receiving results and discussion of the limitations on our ability to interpret the information had little to no effect in changing their expectations.
Attitudes toward receipt of information and perceptions of the views of valued others were highly positive for all four categories of information, including those results which cannot be interpreted. It is not surprising that these variables were significantly correlated with intentions that were also high, reflecting preferences to receive all types of genetic test information. Although we found statistically significant differences in the mean scores for attitudes, social norms and intentions across the four scenarios, the responses were sufficiently positive that these differences may have limited clinical relevance in predicting selection among the four categories in the future. We can only speculate why attitudes and intentions were highest and most similar between results that were described as actionable and those that reveal carrier status. Our open-ended responses suggest that information about risks to future generations may be viewed by the ClinSeq participants to be as valuable as information about personal health risk that can be mitigated.
Taken together, our results reflect the participants' ability to discriminate among the types of results, and their desire to learn all of them. When asked why, participants identified use of the information in health promotion, disease prevention and less often, intent to change their lifestyle or medical management in response to the information. Collectively, these responses reflect their confidence in the usefulness of sequence information (a concept referred to as response efficacy), even information that is currently not interpretable. Our findings are consistent with a study of intentions to receive results from GWAS analysis for eight common health conditions. 27 Response efficacy was found to significantly predict attitudes toward receiving results and attitudes explained a significant amount of the variance in intentions to undergo testing. Neither the present study nor that of Wade et al 27 identified the source of significant response efficacy. Additional research is needed to understand how much confidence in the usefulness of the information is driven by the ways studies are introduced and how much is because of prior assumptions and expectations by participants. In the present study, the data were gathered before participating in the process of giving consent to participate in ClinSeq, lending support to an argument that participants entered the study with high intentions to receive all types of results from WGS. Our prior study of expectations and motivations to participate in ClinSeq showed that half of the participants were motivated to learn personal health information. Thus, it is not surprising that this sample from the ClinSeq cohort conveyed confidence in their ability to use sequence information to maximize their health. For us as investigators, it is important to consider how to manage these expectations. Although ClinSeq participants will, over time, decide to learn information, currently there is limited evidence to guide them on prevention of future disease. Furthermore, regardless of their good intentions and receipt of individualized risk information, it is difficult for most people to change their lifestyle behaviors in a sustained way to achieve positive health outcomes. 28 Importantly, our findings inform the discussion of the personal utility of sequence information, alongside clinical utility, in shaping guidelines for return of results. These participants wanted to know and saw value in the discovery of the information that may tell them more about themselves. This was both due to the value assigned by participants to potential genetic information, and to the hope that it could be put to good use in helping them or their relatives to live healthier lives.
Limitations
The ceiling effects seen in our key variables suggest an overall high level of enthusiasm for receipt of results, but the lack of variance in our outcome measure limits our ability to interpret the relative role of attitudes and social norms in determining intentions to receive results. The ClinSeq cohort is not representative of the general population. Yet participants do share characteristics with early adopters of technology.
CONCLUSION
The current limitations of WGC are challenging to balance with the hope and expectations of recipients of sequence information. As investigators proceed with WGS studies, there is an ongoing need to involve participants in the evolution of this new technology to understand their experiences and to temper some of their expectations that may be premature or unrealistic. Just as importantly, development of more robust, efficient and comprehensive bioinformatic analyses for the clinical interpretation of variants is critical in meeting what is clearly a great desire for, and an optimistic view of, genomic information among highly motivated research participants.
